A 68-year-old male presented with a very rare case of spindle cell oncocytoma (SCO), a recently identified very rare neoplasm of the anterior pituitary, manifesting as panhypopituitarism and visual field defect. The pituitary tumor with suprasellar extension was only partially resected via transsphenoidal surgery because of the tumor consistency and bleeding. Histological diagnosis was consistent with schwannoma. The tumor regrew and angiography revealed hypervascularity, so a transcranial approach was employed for the re-operation which only achieved partial resection because of intraoperative extensive bleeding. The tumor cells showed similar histological and immunohistochemical profiles to the previous specimen, but electron microscopy demonstrated that cytoplasm abundantly filled with mitochondria. The final diagnosis of SCO was established and the patient received postoperative conventional radiation therapy of 50 Gy. Only 15 cases of SCO have been reported, and the diagnosis was mistaken in many cases as schwannoma, oncocytic pituitary adenoma, or craniopharyngioma, and multiple surgeries followed by radiation therapy were required.
Fig. 1 Preoperative axial T 2 -weighted magnetic resonance image (A) and coronal T 1 -weighted image with gadolinium (B)
showing a solid and noninvasive tumor occupying the sella turcica with mild suprasellar extension, enhanced homogeneously with gadolinium administration. Fig. 2 Photomicrographs of the first surgical specimen showing interlacing fascicles of spindle to epitheloid cells with eosinophilic and granular cytoplasm. Nuclear atypia is minimal and mitosis and necrosis are absent (A: hematoxylin and eosin stain, original magnification ×100). The tumor was intensely positive for S-100 protein (B: original magnification ×200) and the cytoplasm and cell membrane were also immunoreactive for epithelial membrane antigen (C: original magnification × 400). MIB-1 index was 3% (D: original magnification ×100). [1] [2] [3] [4] 8, 9, 11, 12) The clinical and radiological features of SCO are nonspecific and indistinguishable from those of non-functioning macroadenoma, but its histological profile is quite different; the tumor consists of interwoven fascicles of spindle cells exhibiting abundant eosinophilic cytoplasm, rare mitosis, but no necrosis. The tumor cells show immunoreactivity for vimentin, S-100 protein, and epithelial membrane antigen (EMA), and the cytoplasm contains abundant mitochondria.
We report a case of SCO that developed in a previously healthy elderly male. The tumor was partially resected by transsphenoidal surgery and a subsequent transcranial approach because of the consistency and intraoperative extensive bleeding, followed by postoperative radiation therapy.
Case Report
A 68-year-old male was admitted in 2008 because of unsteady gait, general malaise, and depression persisting for 2 years. Neurological examination revealed panhypopituitarism and irregularly outlined visual field defects. Magnetic resonance (MR) imaging found an intrasellar mass with suprasellar extension (Fig. 1) . Under a diagnosis of non-functioning macroadenoma, transnasaltranssphenoidal surgery was performed without angiography. However, the tumor was elastic and hypervascular, so the surgery achieved only partial resection. Postoperative course was uneventful and visual field normalized. Histological examination showed interlacing fascicles of spindle to epitheloid cells with an eosinophilic, granular cytoplasm ( Fig. 2A) . Minimal nuclear atypia and lymphocytic infiltration were also observed, whereas adenomatous figure, necrosis, and mitosis were absent.
The tumor cells showed immunoreactivity for vimentin, S-100 protein, and EMA (Fig. 2B, C) , but not for pituitary hormones, chromogranin, synaptophysin, glial fibrillary acidic protein (GFAP), cytokeratin, and CD68. Periodic acid-Schiff staining was also negative. MIB-1 index was 3% (Fig. 2D ). Ultrastructural study was not performed at that time and the tumor was diagnosed as a schwannoma.
One and a half years after the first resection, the tumor regrew and the patient noticed decreased visual acuity and bitemporal hemianopsia. Angiography was performed prior to the second surgery. The tumor was extensively fed by the bilateral internal carotid arteries and draining veins were seen in the arterial phase (Fig. 3A) . Neurol Med Chir (Tokyo) 52, August, 2012
Consistent with these findings, retrospective careful review of the preoperative MR angiography confirmed the presence of numerous but faint intratumoral vessels (Fig.  3B) . Because of the previous diagnosis of schwannoma and the tumor hypervascularity, a second surgery was attempted via the right pterional approach. The tumor was again elastic to firm and bleeding was extensive, so only partial resection was performed, decompressing the optic chiasm and nerves. Intraoperative blood loss was 900 ml. Postoperatively, transient diabetes insipidus persisted for three weeks. Visual field remained unchanged but acuity of the right eye deteriorated. Conventional radiation therapy of 50 Gy in 25 fractions was prescribed for the residual tumor. Histological evaluation revealed similar morphology and immunohistochemical profiles to the previous specimen. Ultrastructural examination showed the spindle or polygonal tumor cells were filled with abundant rods and swollen mitochondria (Fig. 4A) . Only a few small secretory granules (130-270 nm) were dispersed in the cytoplasm (Fig. 4B) . Junctional complexes were occasionally seen but the surrounding basement membrane was absent. On the basis of these findings, the final diagnosis was SCO.
Discussion
The 16 reported cases of SCO including the present case are described in Table 1 . The estimated incidence is 0.1-0.4% of all sellar region tumors 9, 11) with equal sex distribution. Age at presentation ranged between 26 and 76 years (mean 60 years). Immunohistochemical reactivity for vimentin, S-100 protein, and EMA, and abundant mitochondria and junctional complexes on electron microscopy are pathognomonic for SCO. Based on these similarities, SCO may be derived from folliculostellate cells, the presumed stem cell of the pituitary adenohypophysis, 7) but the true cellular origin is still unknown. The proliferation rate is generally low, but high MIB-1 indices (18-20%) were reported in recurrent tumors. 8) Although the MIB-1 indices of the primary tumors are not known, the proliferation rate of SCO is likely to increase according to recurrence. These findings show that initial surgery and postoperative adjuvant therapy are critical. No metastasis has been reported inside or outside the brain.
Despite these characteristic histological and immunohistochemical profiles, SCO is easily misdiagnosed if the evaluation is incomplete, without ultrastructural study. In fact, among the 16 cases, seven were misdiagnosed (Table  1) : four were misdiagnosed as schwannoma because of the similar spindle morphology and the intense immunoreactivity for S-100 protein, and one was misdiagnosed as craniopharyngioma because of multiple spontaneous intratumoral hemorrhages. The remaining two were misdiagnosed as oncocytic pituitary adenoma (oncocytoma). Other differential diagnoses include pituicytoma, granular cell tumor, fibrous meningioma, and solitary fibrous tumor. Pituitary schwannomas are rarely reported, 10) but should be re-evaluated by both immunohistochemistry and electron microscopy for unrecognized SCO.
Ultrastructural findings of abundant mitochondria in the cytoplasm and junctional complexes at the cell border are the specific characteristics of SCO. However, whether or not SCO contains neurosecretory granules remains controversial. The original description stated that 11) SCO did not contain these structures, but otherwise was demonstrated. 3, 8) Interestingly, the granules were found in the primary tumor but not in recurrent tumor in one case. 8) Similarly, only a few granules were detected in our case. These findings suggest that the detection of a few neurosecretory granules does not exclude the diagnosis of SCO.
Correct preoperative diagnosis is usually difficult, so transsphenoidal resection should be attempted first. However, local tumor control cannot be achieved by a single procedure as SCO is often firm and hypervascular. Multiple approaches, including transcranial resection and postoperative radiation therapy, are needed for local tumor control. Because of the firm consistency and the rich vascularity, the transsphenoidal procedure was complicated in seven cases (Cases 6, 8, 9, 11, 14, 15, and 16 in Table 1 ) and two cases required further transcranial resection (Cases 8 and 16). Although the usefulness and indication are not yet established, postoperative radiation therapy was employed in five cases with a dose between 50 and 54 Gy. In four cases, disease remained stable for as long as 7 years, and in the remaining one case, no followup results were available. In most cases, local control was achieved in the short term, but tumor recurrence was noted in the longer follow-up period (with a maximum interval of 13 years) despite gross total resection (Case 14). 1) Recurrence took place not only in cases with high MIB-1 indices but also in cases with low indices (Case 15). 4) Together, these findings suggest that patients with SCO should be carefully followed up for long periods and that it may be premature to assign this tumor to only WHO grade 1. 1) No angiographic description of SCO has been reported. In five cases (Cases 9, 11, 14, 15, and 16), the tumor was judged to be hypervascular based on preoperative MR imaging in one case (Case 14) and intraoperative extensive bleeding in four cases (Cases 9, 11, 15, and 16). In most cases, the preoperative diagnosis was a non-functioning adenoma and consequently angiography was not per- formed before surgery. Hypervascularity is potentially characteristic to SCO, but we also should be aware of pituicytoma, a rare glioma developing in the neurohypophysis. This tumor shows not only similar morphology to SCO but also hypervascularity, and occasionally induces intraoperative massive bleeding. 1, 6) Pituicytoma normally shows immunoreactivity for GFAP and lacks mitochondrial proliferation, so immunohistochemistry and electron microscopy are essential for the distinction. The present case of SCO was initially misdiagnosed as schwannoma. The tumor had firm consistency and hypervascularity, so was partially resected and treated with conventional radiation therapy. If hypervascularity is suspected on preoperative MR angiography, direct angiography is required and pituitary surgeons should prepare for massive intraoperative bleeding.
